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Duplex Follow-up of Aorto-iliac Stents
R. Uberoi∗1, B. Sarker1, J. Coleman2, A. Mudawi2 and H. Ashour2
Departments of Radiology1 and Vascular Surgery2, Queen Elizabeth Hospital, Gateshead, Tyne & Wear, U.K.
Objectives: to assess the feasibility of duplex follow up of aorto-iliac stents.
Material and methods: in addition to standard clinical and ankle/brachial pressure assessment, 75 patients undergoing
aorto-iliac stenting for atherosclerotic disease were prospectively followed up with duplex ultrasound at 3 monthly interval
up to 1 year and then annually. We attempted to directly visualise the stents wherever possible using standard 2D
imaging, standard and power Doppler, as well as spectral Doppler. Patients had an angiogram at 12 months or sooner
if a problem was identified on the duplex scan.
Results: mean follow up was 14 months (2–36). Complete visualisation of the pelvic arterial tree was achieved in 94%
of scans. All patients had at least one satisfactory scan. Duplex detected 30 lesions in 23 patients. Twenty-seven lesions
were confirmed at angiography. There were two false positives. Overall sensitivity, specificity and accuracy were 100%,
93% and 96% for patient undergoing angiography.
Conclusion: duplex ultrasound follow up is feasible in the majority of patients.
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Introduction Method
Aorto-iliac stenting has become widely accepted in the Patients undergoing aorto-iliac stent placement for
management of atherosclerotic disease.1–3 Re-occlusion atherosclerotic disease were invited to participate in
or re-stenosis have been reported in up to 47% of the study. Patient follow up included 3 monthly clinical
patients at 4 years.4,5 To improve our understanding assessment of symptoms, palpation of femoral and
of outcomes and help treatment planning it would be distal pulses, ABPI as well as duplex. All patient were
helpful to follow up patients with routine imaging to scanned on a ATL HDI 3000 using both 3.5–5 Mhz
directly visualise vessels. Angiography is invasive and curved array and 5–7.5 Mhz linear array probes.
in our experience unpopular with patients for routine Patients underwent duplex immediately post stent
assessment. Duplex surveillance has been carried out placement (within 48 h). Patients then had duplex
for many years in the management of arterial grafts examinations at 6 weeks, 3 months, 6 months, 12
to detect early re-stenosis and direct intervention prior months and then annually post stent placement. Re-
to failure of these grafts.6,7 peat angiography was carried out at 12 months post
We have carried out a prospective study to assess the stent. Digitally subtracted images were obtained on a
feasibility of duplex follow up in patients undergoing Philips Multidiagmost 3 (Philips, Holland). For the
aorto-iliac stent placement for atherosclerotic disease. pelvic arteries we routinely performed angiography
We wished firstly to assess if we could confidently in the anterior/posterior and both oblique planes using
interrogate the whole of the pelvic arterial tree, then 20 ml of Iohexol 300 injected at 8 ml/s.
assess the immediate effectiveness of stent placement, A technique was developed whereby the arteries
detect complications and pick up significant stent re- were scanned retrogradely. The distal common femoral
stenosis or native vessel disease progression on follow arteries were assessed first and the aorta last. This
up which might comprise stent patency. pushed bowel gas up away from the arteries making
visualisation easier. Using a 2.5–6 Mhz multi-fre-
quency probe we angled caudally so as to get the
correct angle correction to assess the origins of the
∗ Please address all correspondence to: R. Uberoi, Consultant superficial femoral artery and the profunda femorisRadiologist, The John Radcliffe Hospital, Headley Way, Headington,
Oxford OX3 9DU, U.K. artery then cranially to assess the common femoral
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Table 1. Patients’ characteristics and demographic data. Table 2. Site and types of lesions treated (105 limbs in total).
Sites Lesions MeanParameter n=75
length
Occlusions Stenosis (cm)Mean Age (range) 65 (39–91)
Male 45 (60%)
Female 30 (40%) Aorta and both common
iliacs 4 0 7 (7)Indication Common iliac 21 25 3.6 (1–6)Claudication >50 meters 2 (2%) Common and externalClaudication <50 meters 59 (78%) iliac 5 7 11.3 (7–15)Rest pain 10 (14%) External iliac 17 26 5.5 (2–10)Ulcer/Gangrene 4 (6%)
∗Range.Risk Factors
Smoking 28 (35%)
Ex-smoking 17 (21%)
Hypertension 27 (34%)
Diabetes 10 (13%)
Table 3. Stent types and sites of placement (105 limbs).IHD 19 (24%)
ABPI pre-stent (range) 0.53 (0.0–0.69) Type Number (n=118)
IHD=Ischaemic heart disease. Memotherm (Bard, U.K.) 38
ABPI=Ankle–brachial pressure index. Wall (Boston Scientific) 32
Sax Bard, U.K.) 12
Symphoney (Boston Scientific) 5
AVE (Medtronic) 11and external iliac artery. Similarly in the pelvis by
Smart (Cordis, U.K.) 7angling cranially or caudally we were able to get a
ST Come (Scotish Medical) 7
good angle correction for the aorta or common iliac Palmaz (Johnson & Johnson) 2
Passenger (Boston Scientific) 2arteries. Both standard colour Doppler and power
Optimed (Merck, U.K.) 1Doppler were used to look for vessel narrowing. Dop-
Jostent (Jomed Germany) 1
pler waveforms and velocities were recorded in the
Position ∗aorta, common iliac, external iliac and common fem-
Aortic and kissing 1oral territories. Areas of aliasing on standard color
Kissing 22
Doppler or visible narrowing on power Doppler were Common iliac 25
External iliac 23also more closely analysed with spectral Doppler. The
Common and ext. iliac 10contours of the arterial lumen and stenosis were easier
Both external iliac 4
to see with power Doppler. Either a visible lumen
reduction of >50% on power Doppler or more than
doubling of velocities (>2.5) was taken to indicate a
significant stenosis (>50%). When there was a dis-
in Table 1. Primary stenting was carried out in 90agreement between these, the velocity was the final
(84%) limbs (47 for occlusions and 41 for complexarbiter. For assessment of the origin of the common
stenoses). Secondary stenting for failed PTA was car-iliac arteries we relied on direct measurements of
ried out in 17 limbs (16%). Failed PTA was definedlumen reduction (>50%) on power Doppler, comparing
as a persistent trans-stenotic gradient of >10 mmHg,the contra-lateral and mid ipsilateral common iliac
markedly slowed blood flow across the lesion onarteries, as there were marked changes in arterial
angiography, iliac rupture or a poor anatomical result.velocities at the aortic bifurcation in normal patients.
Mean length of stenoses was 3.9 cm (1–11 cm) and ofExaminations were classified as being incomplete if
occlusions 6 cm (3–12 cm). Lesions characteristics arepart of the pelvic arterial tree could not be seen on 2D
presented in Table 2.ultrasound, with colour Doppler/power Doppler or if
A total of 118 stents of different varieties werea satisfactory Doppler velocity could not be obtained.
placed (Table 3) in 75 patients. Peri-procedural anti-In these few cases, however information about the
coagulation was obtained with 4–8000 units of heparinstate of the vessel could be obtained by assessing
depending on the length of the procedure.downstream waveforms/velocities.
There were complications in 10 (13%) patients. These
include minor haematoma in six patients, two de-
veloped femoral false aneurysms which were treatedPatients
by compression, one had iliac rupture treated with
a covered stent and one distal embolisation whichA total of 105 limbs in 75 patients were recruited over
three years. Patients demographic data are presented required embolectomy.
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Table 4. Lesions detected by duplex on follow up. Table 5. Duplex versus angiography.
Duplex/Angio 0–49 50–99% In totalLesions detected on duplex (n=30) Number
Native artery stenosis 16∗ 0–49 26 2 28
50–99 0 27 27Instent stenosis 11∗
Femoral false aneurysm (2) In total 26 29 55
Stent related external iliac aneurysm 1∗
Accuracy: 96%.
Specificity: 93%.n=number.
∗Confirmed at angiography. Sensitivity: 100%.
Angiography
Planned additional procedures were carried out Follow up angiography has been carried out on 55
within 10 days in five patients: Femorofemoral cross- limbs in 35 patients (48%). Angiography was declined
over graft with a femoro-popliteal graft, three Femoro- by 12 patients, two were lost to follow up, one occluded
popliteal grafts and one chemical sympathectomy. and three have died. A further 22 patients are either
Technical success was defined as residual lumen awaiting angiography or have not completed 12
diameter reduction of <30% and resting mean trans- months surveillance.
stent gradient of <10 mmHg. At follow up angiography
a >50% lumen reduction or trans-stenotic gradient of
>20 mmHg was taken as being significant.
Patients were maintained on antiplatelet therapy of Lesions detected with duplex on follow up
75–150 mg of aspirin daily following stent placement.
Duplex detected 30 major lesions in 23 patients (27
stenosis, 2 femoral false aneurysms and one external
iliac aneurysm). All but the two femoral false an-
eurysms were confirmed with angiography and pres-
Results sure measurements. Of the 27 stenosis found on
duplex, 11 (41%) were within the stent and 16 (59%)
Patients have had a mean follow up of 14 months were in the native artery due to disease progression
(2–36). Two patients were lost to follow up. Three (Table 4).
patients died during the course of the study (one at 5 In those patients undergoing angiography, the over-
weeks, 6 months and 17 months). There were no stent all sensitivity, specificity and accuracy for the detection
related deaths. of significant lesions was 100, 93 and 96%, respectively
Over a 3-year period 264 scans were carried out on for duplex (Table 5).
75 patients. Examination of the majority of the pelvic Assisted primary limb patency was 96 and 90% at
arteries was achieved in all patients. However com- 12 and 24 months respectively (Fig. 1).
plete visualisation of the pelvic arterial tree was
achieved in 250 examinations (95%). The 14 incomplete
examinations were almost entirely due to six patients
during the first 12 months of the study, with only one Discussion
incomplete scan in the last 12 months. All patients
who attended for a duplex scan had at least one Although duplex evaluation of the iliac arteries is not
new, no previous study has shown the ability of duplexsatisfactory examination.
Although heavy arterial wall calcification was seen to directly interrogate aorto-iliac stents and adjacent
iliac and femoral arteries in order to detect in-stent orin some patients, by using oblique views and changes
in angulation an adequate examination of the pelvic peri-stent stenoses. We have demonstrated in this
study the feasibility of carrying out duplex scans inarteries was still possible. The failures in this study
were almost entirely due to bowel gas obscuring the virtually all patients following aorto-iliac stenting.
Scanning the pelvic arterial tree can be difficult andpelvic arteries. There was no difference in visibility,
artifacts or the ease of examination between the dif- clearly there is a learning curve to duplex ultrasound
of the pelvis. Our success rate has steadily improvedferent types of stents used. Waveforms within the
stent and in the immediate native downstream arterial over the period of the study and this in large part is
due to the technique of ‘‘milking’’ bowel gas away fromsegments became triphasic in 24%, biphasic in 35%
and remained monophasic in 41%. the pelvis by scanning retrogradely which markedly
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higher in limbs treated for occlusive disease, disease
involving the external iliac territories, iliac arteries
with long segment disease or those with poor run-
off.2 Non-invasive tests such as ABPI can be unreliable
and patients may remain asymptomatic even with
tight re-stenosis.8 Angiography which often regarded
as the gold standard is invasive, can be unpleasant for
patients and this was highlighted by the number of
patients who declined follow up angiography. Duplex
surveillance offers a good non-invasive alternative to
angiography and is much more acceptable to patients
with greater likelihood of compliance as seen in this
study. Although it would be expensive to use for
routine surveillance in all patients, it may however
also be a useful tool in patients with reduction in ABPI
or recurrence of symptoms at follow up to target re-
intervention.
Using duplex we have found a significant re-stenosis
in 24% of our patients undergoing aorto-iliac stenting.
Only 41% of these are related to the site of the previous
stent. In view of the timing it is likely that the majority
of lesions seen post stenting appear to result from
atheromatous disease progression. Intimal hyperplasia
probably accounts for the early stent re-stenosis.
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In this study we have shown the feasibility of using
Fig. 1. Cumulated primary and primary assisted patency in 105 duplex ultrasound for follow up post aorto-iliac stent-limbs (in 75 patients) treated with aorto-iliac PTA and stent.
ing. We have used duplex to assess the early natural
history of aorto-iliac stents which would not be feasible
with angiography. During this time we have shown a
improved our success at visualising the pelvic arteries significant re-stenosis rate which appears to involve
and increasing our accuracy. By using velocities in mainly the non-stented plevic arteries. We hope to use
conjunction with direct vessel diameter measurement, this technique to give us a better understanding of the
we achieved a high sensitivity and specificity. longer term outcome in these patients and help plan
Waveforms can be useful in the assessment of pelvic patient management. Ultimately our hope is to show
arteries, however are of limited value as waveforms that duplex surveillance of aorto-iliac stents is cost
are not only dependent on the state of the insonated effective but this will require a randomised study.
vessel but also on the state of the upstream and
downstream vessels as well. We also found in our
study that waveforms remained monophasic following
successful stent placement in 41% of our patients and References
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